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Abstract 
A targeted control of the ramp-up phase is of vital importance to the success of a new product. Shorter life cycles, higher rates of innovation, 
and an increasing number of variants make the ability to introduce products quickly to the market (time-to-market) in a sufficient amount (time-
to-volume) a competitive factor for companies. Knowledge management is repeatedly mentioned in the literature as a source for improving 
ramp-up performance. Despite its importance, research has been mostly conceptual or only partly oriented to the ramp-up. This study tries to 
close this gap by presenting the first piece of a ramp-up-specific knowledge management system. It evolved in cooperation with the automotive 
company AUDI AG. This approach structures the collection and evaluation of expert knowledge considering the company-specific influence 
factors and goals as well as the different stages of a ramp-up project. This data allows the identification of the most crucial control levers for 
future projects. The data is elicited through expert interviews of different ramp-up interfaces like development, production or organization. The 
internal framework of the ramp-up and important control levers identified in the literature structure these interviews. The relevant levers are 
then weighted by their importance to the goals of the ramp-up project. In summary, this allows prioritization of tasks and supports 
communication within a project team and over ramp-up projects. It offers a fundamental structure of a management system that ties itself to the 
identified crucial points. By repeated application, this also develops an internal culture of a learning organization, which fosters continuous 
identification, classification, condensing, and sharing of knowledge. 
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1. Introduction 
For the development and production of a new passenger 
car variant, today’s companies have to deal with widely 
spread circumstances and trends: persistent globalization, the 
increase of dynamic market trends, and competition [1]. 
Nonetheless, the focus on customer-oriented development 
forces manufacturers to offer cost-effective production 
structures and yet stay flexible and agile to offer a wide 
spectrum of product alternatives [2]. Apart from this, product 
lifecycles decreased from 11 to six years between the 1980s 
and the 2000s [3] while the complexity and maturity of the 
technical components and their connections simultaneously 
increased. Owing to these factors, ramp-up management is 
ranked as a major discipline within a producing company. 
Furthermore, the success of a whole project is supposed to be 
related to the effectiveness and efficiency of pre-series 
processes [4]. This is why knowledge management is 
necessary for the whole production process and especially the 
phase of ramp-up and its high contribution to costs, quality, 
and time [5] [6]. 
Following its definition, the production ramp-up is the 
connection of both the creative development department and 
the strictly standardized production line [7]. The optimal 
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integration of the follow-up project is the major goal that the 
ramp-up management has to ensure. 
Knowledge management has repeatedly been proposed as a 
means to increase ramp-up success. Winkler, Heins and 
Nyhuis [8] considered knowledge management to be a way of 
coping with different kinds of disruptions present during 
ramp-up projects. Using a mathematical model and empirical 
data, Hatch and Marcher [9] pointed out the trade-off between 
time-to-market and manufacturing performance when 
introducing innovative technologies into production, 
especially during ramp-ups. Knowledge activities can mitigate 
this trade-off, offering further indications of the importance of 
knowledge management during ramp-up, particularly in 
technology-intensive industries. Finally, Gross and Renner 
[10] empirically investigated several best practices for ramp-
up management, including knowledge processing, which was 
one of the two most important indicators of success. These 
findings indicated the importance of a suitable knowledge 
management system for a sustainable ramp-up management. 
Besides this necessity of knowledge management systems 
for the production ramp-up, comprehensive concepts are still 
uncommon and insufficiently applied in practice. Kuhn, 
Wiendahl, and Eversheim [5] identified in an earlier study 
five areas of activity with knowledge management combined 
with the qualification of the personnel as one of them. Kersten 
et al. [11] saw knowledge management as a way to improve 
the three control levers that influence the success of a ramp-
up project. These are staff, organization, and production 
technologies. They discussed a rather general approach of a 
knowledge management system without adjusting it to the 
needs of the ramp-up. Krohne [12] developed a more adapted 
version especially for small and medium enterprises that try to 
reduce waste of resources, costs, and workload. The approach 
is based on the evaluation of the ramp-up success using a 
version of the EFQM (European Foundation for Quality 
Management) model to identify potential improvements. 
Thiebus [13] proposed an integrated cycle concept. The 
method identifies clusters of knowledge using the Delphi 
methodology, evaluates the present knowledge, and displays it 
in a semantic net. 
As every ramp-up project differs among companies of 
separate or even the same industry, as well as within each 
company, companies need an individually adaptable 
knowledge management system, which includes the key 
factors predominantly influencing the success of the 
company-specific ramp-up situation. 
In this article, we present a ramp-up-specific approach to 
identify and classify the most important influencing factors of 
ramp-up success. Through a gradual process, data is collected 
by interviewing in-house experts from different departments, 
and is systematically evaluated and presented. This enhances 
transparency and fosters discussions. Starting points are 
shown, for which possible solutions or improvements for 
current obstacles may be developed. The understanding of the 
company-specific ramp-up situation can be used as a first step 
for implementing a knowledge management system especially 
designed for the ramp-up. 
Following this rough introduction, the second section 
draws the importance of knowledge management in ramp-
ups—the overall approach defines the method, its preparation, 
and the first evaluation steps. The next paragraph generalizes 
the methods of collecting the dataset and establishing 
comparability. A numerical example is given to make the 
method more comprehensible. The following discussion 
analyzes evaluation possibilities and limitations contemplated 
retrospectively and critically. The conclusion closes the article 
by referring to its analysis, the implementation at the 
automotive manufacturer AUDI, and possible future steps.  
2.  Description of the approach 
2.1. Development at AUDI 
The approach originated from a project at the German 
automotive company AUDI AG. The objective was to identify 
and evaluate potential influencing factors that may affect the 
succession ramp-up of a new variant. Due to the increasing 
challenges of the market [14], AUDI established several pilot 
production centers (in German ‘Vorseriencenter’) that form 
the interface between the development and the subsequent 
series production. 
2.2. General remarks 
The approach consists of three steps: preparation, data 
collection, and evaluation. The preparation step allows 
adaption to the specific circumstances of the company. 
Recommendations for content-related design are given. 
During the data collection, interviews with internal experts are 
held and the data is analyzed and interpreted in the final step, 
the evaluation. The different steps will be discussed in detail. 
2.3. Preparation step 
The preparation allows the adaptation of the approach to 
the specific situation of a company. The three elements of the 
preparation are the goals of the project, the structure of the 
influencing factors, and the chronological sequence. 
The goals of the ramp-up project are defined first. Three 
different goals are regularly mentioned in relation to the 
ramp-up. These are time, quality, and costs [5] [6]. Each of 
these goals can be omitted in the approach or used in more 
detail, thus allowing more scalability. In this example, each 
general goal is replaced with two more specific goals—the 
postponement of a single manufacturing object and of the 
manufacturing object as a whole. Product and process quality 
establish the quality goal while direct and overhead costs 
comprise the cost goal. Going into too many details is not 
recommended. Not only does this increase the effort, it also 
makes the comparability of the results of different 
departments and the interpretation of the final outcome more 
difficult. Patterns of relevant influencing factors may be 
concealed. 
In the second part, a structure for the influencing factors is 
developed. This is based on the Ishikawa Diagram [15] and 
provides the structure for the expert interviews in the data 
collection phase of the approach. All influencing factors can 
originate from six different categories or causes:  
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x Man (involved employees and their qualification) 
x Machine (new or innovative technologies) 
x Material (raw materials as well as the product) 
x Method or process 
x Management 
x Environment (aspects not captured by the other 
categories) 
Here is another starting point for the individualization of 
the approach. The number of categories can be reduced as 
well as increased. Other, more specialized categories might 
be, for example, measurement, maintenance or suppliers. This 
depends on the circumstances of the company. In a machine-
intensive environment, the focus might lay on machines, 
material, and maintenance. In a labor-intensive environment, 
the employee, the processes, and the management can be of 
more importance. 
The third and final part of the preparation involves a 
chronological sequence of the ramp-up project. This allows 
the identification of important influencing factors over the 
course of time. The example uses a ramp-up model with three 
phases [16]. The first phase is the pilot production. Series 
tools are not used in this phase. The objective is to identify 
potential spheres of action and to qualify the personnel. In the 
following phase, the zero series, all tools are the same as in 
the series production. Suppliers also start ramping up their 
parts. The last phase is the start-up with the first product units 
that are sold to customers and the goal to reach a stable series 
production [8] [16]. Given the production technology, 
suppliers, and other factors, companies may have developed 
their own procedure for the ramp-up that can be integrated 
into the approach. An example may be a simplified distinction 
between only two phases—a pilot production/preparation, and 
a run-up with high-volume production [17] [18]. 
At the end of the preparation, three elements for the next 
step are prepared. First is the set of questions stemming from 
the Ishikawa Diagram. The questions have the following 
form: What are the main influencing factors in the phase pilot 
production, zero series, etc. in the categories man, machine, 
material, etc.? 
The second and third elements are the assessment scheme 
for the ramp-up goals and the blank extended cause-and-effect 
matrix. The latter is the final result of the approach and will 
be used for the interpretation and visualization of the 
information. Both elements—cause-and-effect matrix and 
assessment scheme—will be further described in the next 
section. 
2.4. Data collection and interviews 
The next step after preparation is the collection of data. 
This is done through interviews. Three aspects have to be 
taken into account regarding the selection of the interview 
partners. These are their number, the internal background, and 
their expertise. The number of persons to interview is mostly 
limited by the effort that has to be invested. It is 
recommended that at least one expert from every department 
affected by ramp-up projects takes part in the data collection. 
This is necessary to avoid a potential bias that may arise if 
one or more perspectives are omitted. This defines the lower 
limit. More participants increase the significance of the results 
and can, therefore, support confidence and acceptance of 
them. 
The second aspect, the internal background, has already 
been mentioned. It is important to interview persons from 
different departments that influence the success of the ramp-
up project. The departments comprise not only development 
and production—probably the most affected departments—
but also management, logistics or quality assurance [19]. 
The third and final aspect is the expertise of the 
conversation partner. All participants should have a superior 
understanding of their field and of the ramp-up. This includes 
professional experience and preferably experience in several 
ramp-up projects. This again strengthens confidence in the 
results. 
After selecting the experts, the interviews are conducted. 
The first step here is the collection of influencing factors by 
using the list of structured questions. It is recommended that 
the total number is restricted to around 15 to 20 main 
influences. More factors may disguise possible patterns and 
reduce the comparability with the answers of other 
participants. To avoid this bias, practical experience shows 
that the qualitatively collected influences shall be adjusted by 
clustering terms with similar meanings. 
Fig. 1: Preference matrix 
The assessment scheme for the ramp-up goals is a 
preference matrix that allows weighting the goals. An 
example is depicted in Figure 1. It eases the task of assigning 
values proportionate to their importance to the different goals. 
A pairwise comparison of every goal with every other goal 
has to be done. The decision for each goal is written into the 
corresponding diamond in the matrix (right part of Figure 1). 
After completion, the total number of mentions is written 
beside each goal [20]. 
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Fig. 2: Cause-and-effect matrix 
The order of carrying out the different steps of the 
interviews is for the most part not relevant. Only the main 
influencing factors have to be completed before the 
completion of the cause-and-effect matrix. The matrix 
consists of three separate parts, as seen in Figure 2. In the 
bottom rows, the collected influence factors are listed, 
grouped by their clusters, while in the columns, the phases of 
the ramp-up project are listed first, and the ramp-up goals, 
second. The goals are subordinated to the phases and repeated 
for every phase of the ramp-up project. The matrix allows the 
assessment of the impact of an influencing factor on a specific 
goal in a precise phase of the ramp-up. The interview partner 
is asked to rank the importance of each combination 
according to a four-point scale. The scale is from 0 (or blank) 
as ‘no impact’, to 1 and 2 as ‘low’ and ‘medium impact’ 
respectively, to 3 as ‘high impact’. Other scales with a larger 
range, for example, a ranking from 1 to 10 as in FMEA, are 
conceivable, but too great a number may complicate the 
evaluation [21]. The whole process of filling out the cause-
and-effect matrix as well as the ramp-up goal-assessment 
scheme does not have to happen during the interview. The 
interviewer can ask the conversation partner to complete these 
tasks calmly at a time that he/she wishes to. Some explanation 
about how to do it should be provided during the interview. 
2.5. Follow-up processing and first analysis 
After completing an interview, the interviewer has to carry 
out one last step to combine the various pieces of information. 
Up to this point, the importance of the impact of a cause on a 
goal is assessed in the cause-and-effect matrix. What is 
missing is the inclusion of the importance of the goal itself. 
The summed up values from the preference matrix of each 
goal must be added. The values in the matrix are then 
multiplied with the total of mentions of the specific goal. This 
process can be quickly done with a spreadsheet. In addition, 
this also helps in calculating the various sums for rows and 
columns for the interpretation. 
The analysis of the results can be carried out alone or 
during a group meeting. The advantages of group meetings 
are that they support the transfer of knowledge, which allows 
discussions between the participants and sparks creativity to 
identify possible solutions [22]. 
Six examples of different possible interpretations are 
presented below. These refer to a single interview. Concepts 
for higher-order analysis of several interviews, or over time if 
the approach was conducted several times, will be described 
later. 
x Importance of a single influencing factor over all stages 
of the ramp-up (calculation of row total) 
x Importance of a single factor for a specific phase 
(calculation of row total for one phase) 
x The (relative) evaluation of a specific factor in a phase 
(consideration of a single cell) 
x Importance of an influencing factor for a concrete goal 
(calculation of row total belonging to one goal over all 
phases) 
x Significance of a cluster of influencing factors (man, 
machine, material, etc.) over all phases (calculation of 
the row totals for a single cluster) 
x Significance of a cluster of influencing factors for a 
specific phase (calculation of the row totals for a single 
cluster and phase) 
This list is not exhaustive. Other possibilities are 
conceivable. As it can be seen from the list, the focus can be 
set on anything from a single cell, over a single influencing 
factor, phase, goal or cluster of influencing factors, to the 
comparison of the ranking of factors, phases or clusters. 
2.6. Numerical example 
By way of illustration, a numerical example is presented to 
make the steps of the data collection and follow-up processing 
more transparent. We assume that the project manager 
receives the following filled-out preference and cause-and-
effect matrix from a participant (Figure 3). Please note that 
the information given is completely arbitrary. 
As it can be seen in the preference matrix in the upper part, 
the company is concerned with three goals—time, quality, 
and costs—each operationalized with one specific goal, for 
example, product quality. The evaluation of the participant 
reveals that the delay of the complete object is of most 
concern to him/her, followed by product quality. Costs are not 
seen as important. 
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Fig. 3: Information for numerical example 
From the lower part of Figure 3, it can be derived that the 
participant considers three influencing factors as important. 
These are ‘qualification’ and ‘availability’ in the cluster 
‘man’, and ‘setup time’ in the cluster ‘machine’. In the 
participant’s opinion, qualification and setup time have a high 
impact on the delay of the object in the pilot production 
phase, but only a medium impact in the later phase, run-up. 
To come to the final cause-and-effect matrix, in which the 
assessment of the influencing factors is combined with the 
weighted goals from the preference matrix, both need to be 
multiplied. The result for the example at hand can be seen in 
Figure 4. 
Fig. 4: Final cause-and-effect matrix 
The weighted goals are added (blue emphasis) and the 
numbers in each column have been multiplied by the 
weighted goals. Please note that the empty cells are the same 
as the cells with a zero. The two zeros are only listed to point 
out the results of the last step. By combining the impact of an 
influencing factor with the importance of the goal, it becomes 
clear that the delay of an object is the single most important 
aspect of the ramp-up as seen by the participant. Both product 
quality and direct costs lose relative importance. 
3. Higher-level analysis and involvement in knowledge 
management system 
3.1. Higher-level analysis 
The six examples to analyze an interview given before are 
related to the result of single interviews. To see the data from 
a holistic perspective allows further options for interpretation.  
First, the whole dataset can be combined with a new 
comprehensive dataset, which allows, for example, the 
identification of the most important influencing factors 
mentioned by all or most of the interview partners. As a way 
of reducing the amount of data, it also allows grasping of a 
huge amount of information, especially when combined with 
methods of data visualization like color-coding, bar charts or 
Pareto diagrams [15]. This makes it necessary to summarize 
the results from different persons by coding the stated 
influencing factors to a more general cluster. For example, 
some persons may have mentioned ‘the level of automation’, 
‘the handling of machines’ or ‘man-machine interaction’. The 
underlying construct or meaning is the same or at least similar 
but a different word is used. 
The second perspective is only applicable if the approach 
has been applied at least twice to different dates. It aims at the 
identification of trends over time. Some factors might become 
less important as actions are taken to deal with those while the 
importance of others may increase due to technical, 
organizational or customer-related changes. A prerequisite is 
that the application of the approach is comparable between the 
time points, meaning that the questions for the data collection 
are largely similar. Otherwise, the results may be biased. 
3.2. Relation to knowledge management 
A sustainable knowledge management enables a company 
to learn from previous ramp-up projects and to avoid common 
mistakes. The goal is to continuously improve all actions 
related to the ramp-up [12]. To make this happen, the 
management has to realize the importance of knowledge [23]. 
A hindrance to the implementation of a knowledge 
management system is the lack of methodological support. 
The approach presented in this work tries to decrease this gap 
by providing a procedure that is easy to implement without 
requiring too much effort. Knowledge can be collected, stored 
in a standardized way, and retrieved if needed. The 
identification of the most important influencing factors can be 
used for the collection and discussion of possible solution 
approaches. These can then, in a reactive manner, be quickly 
implemented when needed [24]. Such a library of possible 
solutions would be the next step, building on the results of the 
presented approach. A starting point may be the framework 
for collaborative engineering proposed by W. ElMaraghy 
(2009) [25]. It is based on the Zachman framework and helps 
the management of the product design process over different 
steps and hierarchical layers. 
In addition, the information can also structure qualification 
measures. More inexperienced team members can quickly 
learn the factors that are most relevant to the ramp-up project 
and for what they have to be sensitive [26]. 
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As the most important aspect, this approach presented here 
is only a small step in developing a knowledge management 
system. It is an ‘insular solution’. To develop a mature 
knowledge management for every enterprise, it is necessary to 
align this approach with the culture of sharing knowledge 
beyond departments and to be open to new innovations, i.e. a 
learning organization [23]. 
4. Evaluation and limitations 
The approach introduced in this article is just a first step in 
supporting the ramp-up process of a company. It increases 
transparency but does not by itself lead to a higher 
performance. Other steps need to follow to cope with the 
problem areas identified by the approach. This can be, for 
example, a library with pre-defined reactions and solutions to 
certain problems. 
During a ramp-up, the workload of all participants 
concerned with the ramp-up project is generally very high. 
Therefore, a knowledge management method should not be 
too demanding so as to not increase this workload even 
further. This criterion is largely fulfilled by the approach, as it 
can mostly be repeated from recent implementations and done 
over time when it is more convenient. In addition, it is user-
friendly. It does not require special software or training. The 
results can be visualized and also are easy to interpret. This 
increases the transparency and stimulates discussions. 
It must be mentioned that the use of the results, for 
example in discussions, depends on the confidence in the 
results. This confidence in turn depends on the objectivity and 
reliability of the data [27]. Even so, the approach is based on 
numbers and calculations, and the source of the data is 
subjective in nature as it depends on qualitative questions. 
The interview partners can deliberately or unknowingly 
manipulate the results. The communication skills of the 
interviewer and his hierarchical position, i.e. the relationship 
to the interviewee to the interviewer, are also important for 
objectivity. These aspects influence the (perceived) reliability 
of the results and with this, their impact. If the results are not 
being trusted, members of the ramp-up project team won’t use 
those—that is, the information has no impact. Belonging to 
this category of reliability is likewise the number of 
participants. If the sample size is bigger, the results get less 
dependent on single persons, and the statistical power is 
increased. 
One way to increase confidence in the results may be to 
use the analytical hierarchy process for the pairwise 
comparison of the goals. This approach is more demanding 
than the use of the preference matrix. The analytical hierarchy 
process uses a more compelling process by defining the 
problem, structuring the decision hierarchy, and obtaining the 
priorities from the pairwise comparison [28]. 
In summary, the approach is only a first step in a 
knowledge management system, designed specifically for 
ramp-up projects. It allows identification and evaluation of the 
most critical influencing factors, while not being too resource-
intensive. This comes with the price of reduced objectivity 
and reliability since the approach is based on qualitative 
measures. It is necessary to discuss the findings and to 
improve transparency over the factors driving the success of 
the ramp-up. Only through shared understanding does the 
approach eventually lead to an increased performance. 
5. Conclusion 
To draw a final conclusion, it must be considered that the 
circumstances of ramp-up projects change dramatically. The 
example of the AUDI AG shows the growing task of reducing 
the time-to-market (and likewise time-to-volume) and 
managing the increasing customer demands in terms of 
diversity and consumer-tailed products. Furthermore, the 
complexity and internationality of the supply chain have 
increased and got more dependent on the volatility and 
legislation of markets. Finally, the product itself reaches a 
very high grade of connectivity, which also increases 
complexity. 
As a result, transparency and the integration of a grown 
number of decision-makers are essential for the success of a 
ramp-up project, and consequently, for the final product. 
International and big enterprises already use various 
methods and tools to support transparency for understanding 
and handling the key influencing factors of the early phases of 
a product. In the example of the AUDI AG, a high level of 
process and tool knowledge is already inside the company. 
This fact could be used as the base and input for the 
development of the shown classification tool. Instruments like 
‘lessons learned’, 3P workshops (production-preparation-
process)’, departments dedicated to continuous improvement, 
and accompanying database management are used to identify 
key factors and their interdependencies. 
The underlying idea of the presented classification 
instrument was, from the beginning, to focus on the heavily 
demanded resources during the early phase of a product and 
for mastering the ramp-up on the most crucial points. 
Therefore, as a substantial part of knowledge management, 
the tool can be used to detect and evaluate potential spheres of 
activity, no matter which level of transparency has already 
been reached. Complexity and time-to-market can be reduced 
even further to strengthen the position of an enterprise in its 
competitive market environment. 
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